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Her-2/neu BNA VACCINE HAVING ANTI-CANCER ACTIVITY 

VTELD OF THE INVENTION 

The present invention relates to human Her-2/neu expressing plasmid constructs 
havmg anti-cancer activity and a DNA vaccine comprising same for preventing and 
treating cancer. 

PAnynPOTIND OF THTl INVENTION 

The Her.2/neu or erbB-2 gene encodes a transmembrane protein lhat is a 
member of the type I family of growth factor receptors (Akiyama, T et al.. Science 232: 
1644-1646, 1986). Amplification of iMs gene results in overexpression of the encoded 
185 kDa receptor tyrosine kinase. 

The Her-2/neu protein has been found to be amplified and overexpressed m 
several types of human adenocarcinomas, especiaUy in tumors of the breast and Uie 
ovary. The overexpression was correlated wiUi short relapse time and poor survival 
rate of breast cancer patients (Slamon, D. J. et al., Science 235: 177-182, 1987), 
suggesting that Her-2/neu overexpression likely plays a critical role in the development 
of human cancers. Several lines of evidence also support a direct role of Her.2/neu m 
the pathogenesis and clinical aggressiveness of Her-2/neu-expressing tumors 
(Kobayashi H. et al.. Cancer Res. 60: 5228-5236, 2000). For example, Herceptm, a 
humanized anti-Her-2/neu monoclonal antibody used for treatment of Her-2/neu- 
expressing tumors, has been demonstrated to bring clinical benefits in advanced breast 
25 cancer patients (Ewer, M. S. et al., Semin. Oncol 26: 96, 1999). In addition. Her- 
2/neu-specific. antibodies and T cells are detected in breast and ovarian cancer patients. 
Tlierefore, Her-2/neu oncogene is an excellent target for the development of therapeutic 
vaccines specific for Her-2/neu-overexpressing human cancers. 

Since human Her-2/neu gene has tyrosine kinas activity in tiie intracellular 
30 domain and its overexpression itself stimulates abnormal cell division, there are 
several attempts to eliminate possible oncogenecity of Her.2/neu by introducmg a 
mutation into the cytoplasmic kinase domain to inhibit tyrosine kinase activity or by 
constiucting truncated Her-2/neu plasmids lacking the intracellular or extracellular 
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Nakeapiasmi . They are relatively simple to generate 

vaccines encoding tumor-associated antigens, iney are . ^ . „ ^oat 
and safe to administer. Becanse they are not proteins nor assoaa«d w>^ ™^^^ 
^^ednucleic adds are not generany subject to neutralizmg anybody -^^^^ 

hamper the cWcal efficacy of vaccines (Hellstrom, I. and f^^^^ ^/^^ 
— -ventive e.ca. 

OKA vacc^.^ was ^evedb„ -^^2^1 

SLtleu expressing plasmids, while mammary tumor grows relatrvely f^t 
some of L Her.2Meu thera^^o vaccine -perim^ts «>nd>.t J 
W on the combination of DNA and cytokin^tmg tumor cells (Chen^S. A et 
cl cll 6: 438M388. 2000). or dendriHc cell (Chen, Y.. Gene THer. 8. 316- 

'"•'"^LaDKAvaccinehas many advantages includingma.^.^^^^ 

rr^ ofi,«ti <5 et al Annu. Rev. Immunol 1^:921-)^ ^uui;, tuc 

preventing and treating cancer. 
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cTTTvrvr ARY OF tnveNTIQN 

Accordingly, it is an object of the present invention to provide a human Her- 
2/neuexpressingplasnddconstn.cthavinghigh^titumor^^^ 

Anoto object of the present invention is to provide a DNA va 
composition for preventing and/or treating cancer, comprising said plasmid construct 
and a pharmaceutically acceptable carrier. 

An additional object of .he present invention is to provide a mefliod for 
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p^g and/or Seating caaoe., cc»npri^g ^ ^ °^ » 
amount of said DNA vaccine. 

TT.e above and ote obiects and features of the present invention wiU become 
apparent irom 4e foUowing description of the invention, when taken n> conjunction 
with the accompanying dmwings, which respectively show: 

Figs la and lb: schematic procedure for preparing recombinant human pNeu 
plasmid constructs and a preset immunization schedule, respechvely; 
BCD: extraceUular domain, 
TM: transmembrane domain, 

ICD: intracellular domain , 

Fig 2: representative FACS his*,grams of medium fluorescence mtensrty m 

each of L groups of mice vacdnated wifl> pTV2 (A), pNeu™ (B). pNeuBco (Q. 

pNeu™.(D, (D) and pNeuacD^ (E). respeotivelr, 

uncolored FACS histogram: control antibody, 
colored FACS histogram: anti-Hffl-2Aieu antibody 

coioToxctx^ e- „f.„riH«-9Jnea antibody in mouse sera 

Fig 3- confocal microscopic analysis of anti-Her-2meu annooay 

immunized with pTV2 (A). pNeu™ (B) and pNeueoHO. (Q. 

Fig 4- -Cr-release assays for comparmg cytotoxic T 13™P» (^TL) 
responses inducedbyvaccinationwithpTV2(A).pNeu™(B),pNeu.a>(C),pNe»:«^ 

"^J^orsizehr — modelsubcutaneouslyN^^^JH^^^ 

B- survival rate in anhnal model inttavenously injected with Her2-Cn6 cells 
JgTcomparison of preventive antinimor immunity induced by vaccmatron 

0 with pNeuECD and pNeuECD-gDs; ^ «fw^^T9fi cells 

A:tonorsi«inanimalmodelsubea.aneouslym3^ofH«2^6cd^ 

B- survival rate in animal model intravenously injectedofHer2^6celte 

pig 7- therapeutic efficacy induced by vaccination with pNeuna. or pNeuBo. 
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^ A-lXltfHerZ^ceBs. B: 5 X 10= Her2-Cn6 cells 

Rg. 8: representative FACS lustog^ of — tluo™ « m 
each gro,^ ofZ vaccinated ^ PBS (A). pNeu^ (B). pNe«™ (Q. pCKho, <P) 

andpCKTM(B),re8pectivelr, ^rrr.resnonses induced by vaccination 

FiB 9- "G-release assays for companngCTL responses inauceu y 

with PBS (A)' pNeueco (B). pNe.™ (Q. pCKnco (D) and pCK« (E). respectively; 

"''"^^^rsizeinanin^nK-aelsubcutar^slyinJeot^^ 

B- survival rate in animal model intravenously injected of Her2-CT26 ceUs 
Fig ll:fl.erapeuticefficadesindacedby vaccination withpCKecoand^™.^ 
Z 12a aid 12b: vaccination schedule of co-inJection wt^ pCK™ and 
J plasmids and "Cr-release assays for comparing Cn. responses .duced 

«^e^vel^ 13d: preventive antitumor effect induced by co-injection with 
Figs. 13a to lio. pr .>,accination scliedule; 13b, tumor 

rj^K , and cvtokine plasnnds, wmaem lia snows 

PCKtm ana cyiojm v r,^j^6 cells (a parenthesis means the 

size in subcutaneous injection model of Het2-Cl-J0 oeus v p 

1. nr, tiimor erowfli per treatment group); 13c and Lio, 
percentage of mouse havmg no tumor 8"««' P 
survival rate in intravenous injection model of Her2-CT26 cells ^a par 
thepercentageofUvemousepertreatmentgroup); 

5 Her2-CT26 ceUs (a parenthesis means flie percentage oi 

'""'\igs 15a to 15d: preventive antitumor e^t induced by pCK™-cy.otoe 
plasmi^wherein 15a shows schemadc procedure of constmcting ^^--^^ 
S^^ation schedule; 15c. tumor size in s*cutaneou« '^'^'^^l^^ 
,0 ^6 cells (a p^enthesis means ti.e percentage of mouse havmg no t^ 

Ltment group); 15d. survival rate in mtravenous iniection rnc^ H^^^^ 

(a parenthesis means «ie percentage of Uve mouse per *eatment group). 
Fig. 16: therapeutic efBcacies induced by 



|t/KR2003/001400 

WO 2004/007734 



in accordance with one aspe« of &e present invention, there ^ P-^ded H^" 
^eu expressing plasnnd constructs having »ti-cancer activity wi.ch rs prepared by 
i„^atruncatedtamanHer-2/neageneintopTV2orpCK vector 

First the presort invention provides Her-2/neu expressing plasnnd constats 
e„<.din;tl^.ed Her-2yneu gene that lacked the cytoplasn^c lanase do»a» 
;:2niardon^)..etrnnc^Sene.e^s^^^^^^ 

roSo" Zrising ^ Her-2/nea .n«^brane and ext^celMar doma^s and rs 
^:SiLr^2vLrwi>ichgivesahighexpressionieveiofafor«igngene(Lee.S. 

w Pt al J Virol 72: 8430-8436, 1998) 
- C-ent invention also p^vides Her-2/neu expressing plasn.^^ 

encodinrie tnmca.^ hnn^ He.-2Me„ gene of SEQ ID no: 3 flua lacks fte 

encoomg mo u"" „<• oun IT) NO- 2 which results in the 

tansmembrane domain of flie Her-2/neu gene of SEQ ID NO. A wm 

^tion of the expressed protein into Are cell ext»^ 

Further, the present invention provides Her-2/neu expressing pias 
,0 of wMch the signal peptide sequence is replaced by the herpes sn^l».« 

glycoprotein D signal (gDs) sequ»ce which is known to f^^^^^ 
eiriion andsecretionof human innnnnodeficiency virus type I gpl60 {Be«nan.P. W. 

etal.,/.f?m;. 63: 3489-3498, 1989). -)Mm exnressine 

In a preferred embodiment of the present invention, four Her-2/neu expressmg 
, -A .^,.,«hasedDTV2 vector (pNeu■M,pNeUBCD,pNeUT^HiD.»ndpNeUBCD.^DJ 

N 1 +T,o w**r oinpu extraceUular domain (pNeuECD 
r™1^IS- I^eet:;:^ «-c«pNe»^»^ 
^:^Z?gnai;Use.ence.*esignalpeptidese^enceofpKe^^^ 
30 ;n™ is replaced by the signal peptide sec^ceftomglycoprotemD of herpes 

i;;iections of pNeu™ or pNeu^ encoding the ori^ sign^ 
peptide sequence induce strong Her-2/neu-specific antibody response. pNeu«.^ 
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D taduce weak Her-2/neu-specific antibody response (see Figs. 2 and 3). Howeve 
l^Z oonsm^ots induce sin^ strong He.-2/neu.specific CTL response (see F^^ 
t Tliese constmots can be >.sed to evaluate wbeto a substantial difference m ,he 
of Her-a/neu-speciflc antibody in mice could influence protective or 
CIticinnnunityagainstHer2^6,asyngeneicHe.2/neu.xpressnig« 

me present tavention reveals that intramuscular (i.m.) mjection of pNeu™ 
pNeuHo, pNeuxM^sP. or pNeuecn^ can induce coniplete protection agamst a smal 
n^r;f Her2^6 cells (see Fig. 5). Moreover, preventive antitumor efficacies 
number ot tier^ significantly different even when a maxmium 

of pNeUECD and pNeuscD^iD. are not sigmin^ j „.„ „^ Fia 

number of tumor cells are injected subcutaneous (s.c.) or mtravenous (i.v.) (see Fig 
r ms rgests strong Her.2/neu CTL response wittout antibody response is as 
etuaborftion of strong CTX and antibody responses in a preventive 
H wever. when a large number of tumor cells are prein.ected m a 
, ^Cutilodel. only the mouse group having both strong CTL and antibody 
shows a sianificantly improved survival rate (see Fig. 7). 

shows y I ,f p^t mvenuon have 

tiie advX of e— g possible oncogenecity of Her-2/neu by cons™ 
Her-2/neu plasmids lacking the Her-2/neu cytoplasmid kmase domain 
,0 »ul" domain) It therefore eUmma.es the risks of chance transfonmng of 
" i^Tlandtralissionofabnormalgrow^signaltowardtumorm^^^ 

I, may be caused by tyrosme kmase m the inlxaceUular domam. to addition, the 
rVL2/neu of the present invention enables to avoid the dangers of 

Hl^neu mtra^Uular domain that i-^-^^ 
25 among .he members of the EGFR (epidermal growth feCor receptx,r fiumly. It has 
" repor^thatplasmidencodingthetruncatedHer^neu^e.!^^^^^^ 

asaoJmid encoding the total Her-2/neu(Chen,Y.etal., Concur 58. 1965 1971, 

asaplasmiaen b exoressing plasmid constructs mduoe the both 

1998) Also, the inventive Her-2/neu expressmg puii. 
,heHer-2/neu-specificantibodyresponseandtherapeuticantltumoreffect^ 

30 These r suits demonstrate the relative roles of CTL aad -^-'^^'V 

vaccination in a preventive model or a therapeutic model against Her-2/n^- 
Tr^^ t-or. Although strong CTL activation without antibody r^e by 
^NA Zination could achieve enough preventive efficacy agamst Her.2Meu. 
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• . .h,llen« DNA vaccines maximizing both arms of immune 
expressing tmnor cnaUenge, usxj^ 

response was most beneficial in a then^ieutic model. 

TO enhance the efficacy of the inventive vaccine in the clinical use. the 
J further provides Her-2/neu expressing plasmid constructs prepared 

present mvention turttter proviara n . , „f „tv9 to imorove the 

by using a more efficient vector, pCK vector, m place of pTV2, to mrprov 

expression level of Her-2Meu. ^ 

pCK vector has a stronger CMV promoter and smaller size (about 3 J 
PTV2, and thus, a target antigen can be efficiently expressed at an mcreased 

pHeuJlT^^Ich have «.e orig« Her-a/neu Signal peptide and strong 

antitumor activity, are each inserted into pCK vector. ^^ere are provided 

in another preferred embodiment of the present tore ^ P ov> 

two Her.2/neu expressing plasmids based on pCK vector ftCK^and PCK^) which 
»Le either the Her.2/neu transmembrane and ex^Uular domams (pCK™) or the 
Her-2/neuex— — onlyj^j^ ^^^^ ,,^„„,e 

Vaccmatron withpCK^ at^pCK^ ^ ^^^^ 

^Trcf ryjl sUghtl, Msher th^ Observed for 

vaccmation with pCKtM or pL-J^ECD - ™ „d dCKecd completely 

pNeu constructs. ^^^^^ ^'::^rl^,T.^^'^o^^ 
prevent the growth of subcutaneous tumor and metesta^s m a pr 

^inWl,itthetumorgrowthinatherapeutiomodel(seeFigs.lOandll). 
andmhibittte wmor^owt^ plasmid constructs of the present invention, pNeu™, 

T Lve been deposited on June 26. 2002 with the Korean 

pNeuECD, pCKxM and pCKbcd have oee qp #361-221, Yutim B/D, 

culture center of Microorganisms ^^^ ^^^^^Z Korea) under the 

Hongie-l-dong Se— ^ ;^'2^r,KS.-103395 and KCCM-10396. 

ri^oftheOepositofMicr^rgam^^J^^^^^ 

Since pCKxM expressmg truncated Her-2/neu is more 
both humoral and ceUular immunity, and the therapeutic antitumor a^vity <rf P^™ 
better than that of pCK^. pCK™ vaccination with in combmation with 
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""^Z^ represent — discloses the use of a cytoki:. as an 
^j„vantl?^Wfor overcon^g — — against He.2Meu nt 

*^"C:.P»POse..e.esentinventi„nchose6cyto,c.es;^^^^^^^^^^ 

1 c • .06-^- 1^5-237 1994\ IL-15 (Min, W. et al., Vaccine 20. 1466-14 /4, 

ri 'd J 7— M69: 3837-3846, 2002), GM-CSF (Lee, A. H. et al.. Vaccnell. 
1.^79 ZT GM-CSF »d Flt3L which induce the proliferation and acfvatton 
Z X^T^^^ -"s (APC) are expected to improve flte delivery effictency mto 
ics iL dendritic cells and promote innnune response including hnntoral and 
APC IJce den ^ ^ta-l are typical T„l skewmg cytokmes 

cellular nnmumty. IL-lAii--". 'o . p.ncer 

and expected to induce ceU-mediated immune responses m^ortant to cancer 



L present invention provides constructs pCK-IL12, pCK-n.15, pCK-lLU 

nCKBrjcK-FltSL and pCK-GMCSF which are obtained by ms^g the 
pCK-Etal, pL-Kf / The effect of combining a cytokine gene 

respective cytokme gene mto pCK v«tor. Th 
adjuvant is similar to that observed for pCKtm m terms ot antioo y p 

response (see Fig. 12), but coinjection of pCK™ with each of the pCK 
, Skr^ellly P^-GMCSF, enhances «ie— or effect in the ^^^^^^ 

-^nr^:::or:dj:i«vity..eHer-2..~ 

present — — Pl^^^^ 

,5 wHch ^ H™.2/ne; protein and each of the cytoldnes are translated mdependently^ 
tiirwithJinventivebicistronicplasmids also inhibit tumor 

iTZlTsee Fig 15 and 16). Antitumor activities of bicistxomc plasmrds exc^ 
^18 are sLlar to those obse^ed when two separate plasmids are comjected. 
pCK™-IL18 are smular ^ eoinjection with 

The antitumor activity of pCKtm-1L1» is mucn iub- 
30 pCK™andpCK-E.18. 

The above results show that the Her-2/neu expressing plasmid consmicts of 
^ present invention provide a vaccine that is not only preventive but also 
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fterapcutic against cancers. Therefore, Her.2/neu DNA vaccines have potenti^ 
^ a iLpeutic vaccine h. reducing n.e.stasis after tumor surgery or as a 
prophylactic vaccine for people with genetic high nsk. .we is also 

In accordance with another aspect of the present mvention, there 
provided Her.2/neu vacchie compositions used for preventing and — oar>c.^ 

The inventive vaccme compositions include the human H^'f'-";''?" 
plasmid construct of the invention and a pharmaceutically .^^J 
vaccine compositions can provide protection against (used as a prophy acuc) 
rlnT the antigen induced by the human Her.2/neu expressmg plasnud 
^r^Sthe invention. In addition, the vaccine compositions of «.e mvenhon 
re used to txeat (used as a therapeutic) infection by «re antrgen mduced by the 
hunm Her-2/neu expressing plasmid construct of the invention. 

The preparation of vaccine compositions that contam the human Her-2/neu 
expr^s^g JasLd construct of the invention as an effective ingredient . Imown to 
- or™mtheart TVpically. ^ch vaccines are prepared as injectables, eite as 
' ;::i"ns or suspensions; soUd forms suitable fcr solution in. or s^^ns.c» m 
Ld prior infection can also be p^ared. The preparation can also be 
or the protein encapsulated in Uposomes. The active mmunogenic 
— :re o J n^ed wl. c^^ w^h - 

eZ in S ts to whom it is administered. Suitable phsrma^caUy acceptable 
^L Jde. for example, one or more of water, saline, phospha. ^ 
dextrose glycerol, ethanol, or the like and combinations thereof. In addition. 
,5 "t^e vaccme can contain mmor amounts of anxiliary substances such as 
wX' oTemulsitying agents, pH buffering agents, and/or adjuvants which 
Te^eleness of the vaccine. Examples of adjuvants which may be effective 
;,:rbutarenotlimitedto:aluminumhydroxide.K.acety™yl^ 
Llutamine (thr-MDP). N-acetyl-nor-muramyl-L-alanyl-D-^og^utamine (CGP 
30 mlHeferred to as nor-MDP), N-acetylmuramyl-L-alany -D-isoglutamng^ 
^^e-2<V-2--dipahnitoyl-sn-glycero-3-hydroxyphosphoryloxy)-^^ (CGP 
"a! cferred to as KTP-PE), and RIBI. which contains three compon^ 
ftom bacteria, monophcsporyl Upid A. trehalose dimycolate and ceU waU 
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IFN-g inducers svich as poly can oo 

„f ,he oresent invention may be administered 
vaccine compos^o^ ^ ^^^^^^^ „,„^.,. 

paienterally, by mjection, for ^^.^ administration include 

Additional —onswhich are suttablef^^*^^^^^^ ^^^^ 

.^positories, and ^ ----"^^t^Ziations, ,.e manipulation of X- 
distribution as aerosols. In tiie case ot me dividual 

.ell subsets employing adjuvants. '^^^^^^JlZli^.s^^ov^^ 

cytokines to various formulation can ,,^ers may include. 

^nne responses. ^^^S^ ^^^p^lries may be^f 

for example, polyalkylene glycols '^^^l^^'^J^Jl.o.S to 10%. preferably 
commixtures containing the active mgredt^tm^^r^^^ 

example, pbarmaceuncal of^ ^^^^ 

sodium — ' suspensions, tablets, pills, capsules, 

compositions take fbe form of "^^"^ / ^ 95% of effective 

sustained release fomiulations or powders and coniam 

ir^edient, preferably 25 to 70%. ^f the present invention can be 

Tte Her-2/neu expressmg plasmtd """^^ ^ pfaarmacenticaUy 
fom^ulated into the vaccine compositions ^^^J^^Z'^o groups of .be 
, acceptable sal« include tbe f^^^^Z^^^ ^'^^ 

peptide) and whrcb are ,,^^3 sucb as acetic, oxalic, tartaric. 

..drocbloric or ^^^^^^^^^^^ cari»xyl groups can also be derived 
maleic, and the like. Salts tormea wim ^ a^onivim, calcium, 

ftom inorganic bases such as for ^-J^ ^ethylamine, 2- 
30 or ferric hydroides. and such organic bases as «opropy 
ethylaminoethanoLhistidine. procaine, and *e bk. 
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. «c.l,v effective THe quantity to be administered depends on the subject to 

o. tbe — j—rre 
-^"^^ :::'T/::rzz "i.ve ..edie. 

"'"r ira Z L about 0.01 to 10 ^ks/day, preferably in the range 
r^^rfto rSkg/day. suitable regiments for initial adnnnistrat.on and 
ftom about 0.1 to 1 ^'^^J .^^^ administration followed 

booster shots are also vanable but ^-^^^ ^^^^ „f effective 

by subsequent inoculations or other '^~ J_„fa.e practitioner and 
^^edientrequiredtobeadn^te^JJ-.^™^;^^^^ 
„ay be pecuUar to each subject It wdl be ^^^^^^ 
.ethera^utic^je^ve — on^.^^^ 

fl,s,nvent.on w.l d^d,m^ ^a^P ^^^^^ ^^^^^^ 

:l^e:n— : otb. -era^u. agents^.— 
beaim of the recipient, and the therapeutic activrty of the parbcular Her 

— - Si^en . a ^gle dose scbed.e or p.« m a 
^ultipiedosescbed.. A^^^^^^^^^ 

of vaccinatron can mclude 1 to ' response. 

bs.uentt^em^»^2^^^ 

rr^imol Tldicboosters at intervals of 1 to 3 y^.usually 3 years, 

:r;:rrb::r:;s==^^ 

,0 used m about 0.05 to about "" ^ fl^^tic polymers of sugars 

St a'gri;"^ Of t.e antigen in the vaccine by he. treatment wrth 
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temperatures ranging between abou, 70 to about 101 r for a 30 o 2 
respectively. Aggregation by reactivating with pepsm treated C^*) -^^^^ 
albLin. mixture with bacterial ceU(s) such as C. pan.m or an endotoxm or a 
JS^l-ide components of Gram-negative bacterra. — m 
. Sologically acceptable oil vehicles sucb as d ^ 

Julsion with a 20% solution of a perfluorocarbon (Fluosol-DA. R ) nsed as a 
block substitute also may be employed. „i„,i,.meof 
Various polysaccharide adjuvants may also be used. For example, the use of 
various pneumococcal polysaccharide adjuvants on the antibody responses of m.ce 
,0 hTbl descnbed. The doses that produce optimal responses, or that etherise do 
^t pLltsui^ression. should be employed as indicated. Polyamine varre.^ of 
"elides axe particularly preferred, such as chitin and chitosan. mcludmg 

aeacety^^^^t^ contemplated for use in the present invention is BCG. 
BCG (Bacillus Cahnette-Guerin. an attenuated strain of 

cell waU skeleton (CWS) may also be used as adjuvants m &e — ' ^ 
important clinical tool because of its immunostimnlatory propertte BCG^to 
stimulate the reticulo-endothelial system, activates natnal kdler cells and mcreases 
stimulate me rcu r-ji extracts of BCG have proven to 

proUferation of hematopoietic stem cells. Cell wall extracts v 
20 have excellent immune adjuvant activity. In a typical pract.ce of &e pre^^ 
Jvlion cells Mycobacteriun. bcvis BCG are grown and harvested by methods 
" the art. Besides MycotaC^un. 6«v. BCG, vaccines of non-pathog^c 
Sct^a. e. g.. Salnu,nena sp.. PseuComans sp.. Esckericia sp.. and so on can be used 
in the present invention. 

The present invention is tofter defined in the foUowing Examples. It 
shouldbeunderstood that these Examples, while indicatingprefen^embodnn^te^^ 

Z invention, are given by way of aiustration only. From the above 
^ese Examples, one skilled m the art can ascertain Ihe essential charactens^cs of this 
30 T^on. L ;ithout departing from the spirit and scope thereof, can n^e vanous 
T^Z ^ edifications of the invention to adapt it to various u^ge and conditions. 



Pawnee Exaif r^" 1 <^^» lines and animals. 
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He Her-2Meu expressing human breast oaicinoma SK-BR3 cell line (ATCC 
inB-30) and murine colon adenocarcinoma cell line CT26 (ATCC CRL-^«9 w^e 
obmined fiom fl.e American type Culture CoUection <^~-J^^^^ 
Human breast cancer cell line SK-BR3 cells were mamtamed - 1^^116^ 
(BioWhittaker, Walkersvile. MD) supplemented with 10% heat-macttvated fetal 
SZ^rum (FBS. GIBCO. Gaithersburg. MD) and 1% peniciUm-streptomycm 
(GIBCO). Her-2/neu.expressing transfectoma Her2-CT26 J- P^P^"'; 
lansduction of CtZ6 cells with fee cDNA-encoding hnman Her-2/neu CNCBI 
Her^CnS and CI26 cells were cultured in IMDM (BioWhrttaker) 
containing 10% heat-inactivated FBS and l%penicillin-streptomycm. 

^lle 5-week.old BALB/C mice were purchased from Charles Rrver (Osaka, 
Japan) and kept at 22t:, 55% relative humidity, and a daily Ughting cycle of 12hrs 
i 12hrs Lc with free access to food and water. The mrce were housed^t 
Laboratory Animal Center of Seoul National University mitU use and kept m a germ- 
ftee isolator (Techniplast. Buguggiate, Italy) during the whole expermients. 



20 



25 



30 




Escherichia coli strain DH5a transformed with each of fee plasmids, pNeu™ 
pNeUBco, pNeu«^., pNeu.c..^.. pCK™ and pCK«». control vectors pTV2 ^d 
Sk w^ grown to LB brofe (Difco, Detroit. MI). Large-scale preparanon of fee 
pla^DNA was carried outby fee alkalinelysismefeodusing^Endofr^en 

^ r^t. * r A^ nrcordine to the manufacturer s 

Plasmid-Giea kit (Qiagen, Chatsworth, CA) accoraing ui ^ . , . 

DNA wJfeen precipitated, sus^nded in sterile PBS (Bio«e.) 

rrconcen^ation of 2 and stored in at -20t: for subsequent use m 

immunization protocols. 

p»farBnce Ey "p''^ Flo^ '•ytnmrtrv (FACS) 

TO examine whefeer sera could specifically react Her-2/neu suxfece proteiij^ 
SK-BR3. Her2-Cr26 and CT26 cells were stripp«i from fee culture ^^^^l 
scraper CNmo. NaperviUe. IL). Removed cells were washed m an FACS buffer 
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consisting of RPMI1640 supplemented with 2% FBS and 0.1% sodimn azide^ 
^^ately 2 x lO' cells per analysis were inoubat^ toge^er w^a s^^ 
d^LofasenHnoxcon.rolantibodyat4r forSOmin. ^eUs ^^^^^^^ J*^^ 
a serial dilute of the san.e FACS buffer and then stained for 30 nnnutes ^ 4 J 
» FirC-coniugated goat monoclonal antibody specie for ^^^^^^ 
Stained cells were washed 2 times and resuspended in the same FACS buffer To 
Llude dead cells ftom data, 1 mJ^ propidium iodide (S.gma) was added to the 
^?s!^ion and incubated for 30 sec prior to ^ysis. Only the ceUs that were 

3r cells F^ow cytometry was performed using a PAS mi flow cytometer (Partec 
GmbH, Munster, Germany) 

Approximately 1 X 10^SK-BR3 cells were grown for three days on Mk 
chamber Jcoverglass (Nunc. Naperville. IL) coat^ with 1 Mi^ po y-L-Lysme. 
Swere fixed with 4%paraformaldehydeinPBSforl0min at room^^^ 

washed three times wi* DMEM, blocked with 1% ^^J^°'"^^'l^Tl'^^ 
hour at 4 1 . incubated with 1 :50 diluted mouse sera in a blockmg sohttton for 8 hours 
T.i w^hed. and incubated with R-phycoerythrin-conJugated^goat — ^ 
i_globulin secondary antibody (Soufliem Biotech. B«mm^ AL) for 30 
~om temperature. SUdes were then mounted on GelMount medta (Ftsher) 
^ tZined using a confocal micpscopy d^ica TCS-SP laser scanmng 
microscopy). 



25 




30 



Briefly, each mouse received an ion. injection of 100 of plasnud DNA 
.hat was dissolved in 100 ^ of sterile PBS into the anterior t.b«hs muscle. J^e 
TLZaon site was pretreated with bupivacaine-HCl (ASTRA. Westborough. MA)^ 
— 1» vaccination, bupivacain^Cl was ^tr^^ 

Ly once just before the first immunization. Sera were coUected ™ 
otbLl plexus at selected time points and monitored for .he presence of ant.-Her- 
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2/neu antibodies. 



Splenocytes prepared by extracting spleen from immunized mice were 
cultured with myt»mycin-C treated Her2.CT26 oeUs for 6 days, and were assayed for 
thelysisofCr26orHer2-CT26targetoensina4hout"Cr-releaseassay. 

Her2-CT26 or CT26 tumor target ceUs were labeled with "Cr by mcubatmg 2 
X 10' eells with 200 nCi Na"Cr04 (NEN Research Products, Boston, MA) m 200 
^ saline at 37t for 90 min. Tl.e unincorporated "Cr was ^°J^,^yj2 
washes witb RPkm640. Graded numbers of effector cells were mixed wtfli 10000 
labeled target cells in 200 M RPMI plus 10% FBS in the wells of a "™d4K.t.om 
nricrotiter plate. Tl.e plate was incubated at 37^ for 4 hours. After die 
incubation, d>e plate was centrifugated, and a 100 M aliquotwas r-ov^m 
each well for counting with a y-scintUlation counter (Packard, Mmaxi Auto Gamma 
5000 Series). The percent lysis was calculated by formuU I: 



<Fonnula 1> , _ 

percent specific lysis (%) = 100 X [(cpm„penn««.. - cpm.p»u.„J / topnw 

20 Cpnispontaneous)] 

Tlie cpm™. value was determined by adding 10 ^ of 5% triton-X (Sigma) 
to wells containing ^Cr-labeled target cells. Each group contamed a duphcate. 
The cpm,— value was detemrined by adding only an equal volume of the 
25 medium without the addition of splenocytes or taton-X. 

KTamnle •'■ T..mnr chaUenge 

Mice were challenged by injection with Her2-Cr26 cells suspended in sterile 
30 PBS either subcutaneously on the flank or intraveneot^ly Tte three-dunenstonal 
size of each tumors was measured with a caliper, and the volume was calculated by 
formula 2: 
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<Formula 2> 

tumor volume (ibO = (width x length X depth) anf x ^6 

Ammals were monitored twice a week for the development of palpable 
Mice showing any symptom of acute sickness, hard to breathe or rare 
movement were sacrificed. 

irv.n, pl. 1 : Cor -*— "f Her-?fiifii fTpmsing pla^mlds 

PTV2 and pTV2.gDs (Lee, S. W. e. al.. /. nrol. 72:8430-8436. 1998) and 
pCK (L Y et. al.. Biochem Biophys Re. Conmun. 272:230-235. 2000; Deposxt 
Accession N^: KCCM-10179) were used an expression vectors. PTV2-^-^ an 
egression vector which was cloned to contain the signal sequence of herpes snnp «c 
vl^el glycoprotein Din expression vector PTV2. ^^^^J^^^ 

XT r,/ /cpo m NO- \) was inserted into the pRC/<..iviv 

entire human Her-2/neu gene (SJit^ lu JNU. i; woo ^, ^ a 

ZL.. (invitrogen. San Diego. CA) to produce a full-length Her-2/neu plasm^d 

^'■'"^ibe plasmid pNeu«:o, encoding the extxacelhlar don«dn of Her-2/neu 
without the intracellular and transmembrane domains H-^"^~^ 
from the PGR product of the full-length Her-2/neu plasmid usmg NF6 (SBQ ID m 
"nSRI (SEQ id no: 5) as a printer pair, and cloned into the Kpnl and Xba^ 
IZof pTV . Shnilarly, the plasmid pNe^ encoding the extracellular and 
sites 01 p 1 f H„ ,Meu was generated fiom flie PGR product of the 

transmembrane domams °^ ^dNRM2 (SEQ ID NO: 7) 

full-length Her-2/neu plasmid usmg NFS SEQID NU. o; anaiNi»^ v x 

as a primer pair, and cloned into the Kpnl and Xbal sites of pTV2 (F,g. 1). 

The plasmid pNeuecD..D>, encoding the extracellular domam of Her-2/„eu 
^tttout the intracellular and transmembrane dom^s 

from fl^e PGR product of the full-length Her-2/neu plasmid usmg NSF2 (SEQ mm 
Jand NSRl (SEQ ID NO: 5) as a primer pair, and cloned into the AscI and Xbal 
3 LTofpTV2-gDs. Sirnilarly, the plasmid pNeu™.^, encoding the e—lar 
rd tranLembLe domains Of Her.2/neu, was g^^erated ftom the P^^^ 

the fUll-length Her-2/neu plasmid usmg NF3 (SEQ ID NO: ) and 

NO- 7) as a primer pair, and cloned into the AscI and Xbal s.l«s of pTV2-gDs. The 
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plasnuds pCK^ and pCK« w«e p«pa«d by inserting tato fl. ^'^J^^ 
'pCKvJrtruncatedHer-2/neugeneftagmentsobtainedfton.pN^^^ 

Respectively. PCR was earned out a, 94t: for 2 nun; 94 C for 15 sec. 55 C 
<iecand68t; for 3.5 min; and 72'C for 7 mm. 

Is generated were four Her-2/neu expressing plasmids (pNeu« pNeuBco. 

M.,. 1 each encoding both the Her-2/neu transmembrane and 
pNeuTM-sDs. and pNcubcd-*,.), ^ jj„.2/„eu extracellular 

extracellular domains (pNeuxM and pNeu™.^ or only me ti 
domain (pKeu^ and pNeu.a^) (Fig la). While pNeu™ or ^^^^^^^^ 
(he origL Her-2/neu signal peptide sequence, the signal p^tide ^^^^j" 
Xlo. or pNeuBcs.. was replaced by the signal peptide sequence ftom 
glycoprotein D of herpes simplex vims type 1. 

, r n nt1H .r.7,ne.. Antlhody^v pNe.. constructs 

vaccination 

Tests were conducted to examine whe&er various pNeu plasmld constructs 
r.r..M \r^(^^^ce anti-Her-2/neu antibodies as follows. 

Zl To! prepared in Reference Example 1 received three i.m. mjections 
of 100 Tof P^asmid DNA prepared in Reference E«unple 2 accordmg ^a^re. 

!ho. Lhedule (Fig lb). Some mice of each group were sacrificed and the 
mmunization schedule (tig. m)- determined. Other mice were 

Ivtic function of Her-2/neu-specific CTL was aeieimmcu 
Slent^ wim Her-2/neu expressing tinnor for evaluating antrtiimor mumm^ 
tl we obtained from BALB/c mice before the first injection and one week after 
m^atior, and the »ti.Her.2Meu »tibo^ 

measured based on its binding ^ ^ ^^3rnnr;l^S'SNeu™. 
cvtometry. Her-2/neu-specific serum IgG titers oi au im ^ , , ^„ 

cyxomcuy determined and presented based on the 



30 



<Table 1> 
oTV2 (n=5) 
<50 


12800 


pNeuECD (n-S) 
12800 


pNeuTM-aDs (n-5) 
800 


pNeuEcx>-HDs (n-5) 
<50 
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As shown in Tible 1, ttie observed IgG titers were ranked in the ord« of 
pNeUHCD > pNeu™ > pNeu™^> pNeuBco^ = pTV2. As expected, none of the 
Zl Z^L from — before the injection of plasmid DNA had detectable 
Her-2/neu binding activities. Moreover, none of the animals mjected with pTV2 
n>ade detectable anti-Her.2/neu antibodies at 1:50 dilution. Howev^ vaccmation 
Witt. pNeu™ or pNeueco resulted in high Her-2/neu-specific IgG titers (Frg. 2. A) and 
lenn^ samples diluted by 1:800 produced a wide shift in tt.e mean fluorescence 
intensity (Fig. 2, B and C). In contra^ vaccination witt. P^^"™"*- " P^^™ 
resulted in a low or undetectable IgG titer and serum samples dduted ^y 1.50 
revealed a little or a barely detectable shift in the mean fluorescence mtensrty (Frg. 2, 

° \^ existence of Her-2/neu-specific antibodies in mouse sera immunized with 
pNeu™ or pNeuBcr>.sr>. was also confirmed by confocal microscopic analys^^ 
MousTserum immunized with pNeu™ (Fig. 3, B) demonstrated clear locahzat^n of 
anti.Her-2/neu antibodies on the surface of SK-BR3 that was not shown vnto the 
„ouse sera immunized witti pTV2 (Fig. 3, A) or pNeueco^ (Fig. 3. C). which rs 
consistent witti the anti-Her-2/neu antibody titers presented m Fig. 2. 

r 1, r r-^ -''---^"--^/""-»°eemcrTI hypN.i.c..str..W»vaccl.atton 

Havmg demonstrated that vaccination with pNeu constructs boosted high to 
very low Her-2/neu-specific antibody responses in vaccinated mice (Fig. 2). Her- 
2/neu.specific CTL responses induced in the same mice were evaluated as follows. 

Splenocytes were prepared 2 weeks after the third immunization ftom ttie 
«^e mice that were tested for Her.2/neu-specific serum IgG titers. Splenocytes 
were cultured witti mytomycin-C-treated human Her-2Meu expr^ing syng^e^ 
m transfectoma. Her2-CT26 cells for 6 days, and were assayed for ttie lysis of 
CT26 or Her2-CT26 target cells by a 4-h "Cr-release assay. 
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As a result, spleaocytes ftom nnce vaooinated with PNeuxM (Fig. 4^). 
pNeu^CFig. 4. O. pNeu™^,(Fig. 4, D). c pKeu^c^. (Fig- 4. e-^^^ C^- 
depentot lysis of Her2-CT26 that was not shown wxth splenocytes from pTV2 
tlinated L.ol nnce (Fig. 4. A) and flie relative strength "u-sp^ 
5 CTL response was in order of pNeu«> pNoubcd > pNeu™.sD,>pNeUBCD^. > pl 
percent Her-2/nen-specific lysis by splenocytes from mice immunized wxfh any one 
of pNeu constructs was comparable to the others of pNeu '^^'T ,Tto 
90-/O at an E:T ratio of 50:1 and 60 ~ 70% at an E:T ratio of 10:1 (F>g. 3, B to E)^ 
However, splenocytes from ^y group of mice did not induce CTL-dependent lysrs of 
10 Cr26 ceUs^^^^^ ^ ^^^^^^ ^^^^ ^^^^ Her-2/neu-specific 

CTL response, which was irrelevant to their signal peptide sequences. However. 
&ey induced substantially different Her.2Meu-specific antibody responses accordmg 
; Lir signal peptide sequences. Only pKeu™ and pNeu^ ^th ^ongn.1 
15 signal sequence showed high Her.2/neu-specific IgG trters (F.g. 2). When then 
si^al science was replaced by a viral signal sequence, pNeu™.^ ^^^^^^^J 
Jel of anti-Her-2/neu antibodies, and pKeUscp.^. a very low level of ant.-Her- 
2/neu antibodies. 

20 ^— . p.- P.>v«ntl o - "N<-" ^0"^^ vacctoatfoB 

Antitumor immunity against human Her-2/neu expressing syngeneic murine 
tumor cell line Her2-CT26 in mice was evaluated as follows. 

Initially, titration studies were performed to detemrine the optnnal number of 
25 tumor cells to be injected s.c. or i.v. into mice to g«xera«> subcutaneous mmor 

.^tion or lung metastasis, .d .e -^^-^ -^tx^™ ^ 
subcutaneous or lung metastatic tumor mBALB/c mice when 3 

rriniected s.c. I i.v.. Since a long survival period may help to drstmgm^ 
antimmir efficacy of Her-2/neu DNA plasmids, 5 x 10^ cells chos^ ^e 
30 initial ceU number for i.v. or s.c. tumor challenge. Bach mouse received three .m^ 
injections of 100 m Pl-mid DNA according to a preset immumza^on schedule ^g^ 
lb) and one and a half weeks after the third injection of plasmid DNA, each mouse 
waschaUengedi.v.ors.c.with5 X lO' Her2-Cn6 cells. 
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In toe above subcutaneous tumor model study, all of the animals injected with 
pTV2 developed palpable tumors (Fig. 5. A). On the other hand, tumo^ were 
completely suppressed in aU groups of mice each injected with pNeurM, pNeUBco. 
pNeu™.^, or pNeuBcn^ for 60 days following s.c. tumor mjectton In 
5 Ltas^I model, all group of mice injected with either pNeu™, pNeu^ pNeu™. 
! or pNeu^^ survived iv. tumor challenge (Fig. 5, B). However, four of the 
L 7m injected with pTV2 and all mice injected with only PBS dtd not 
survive lung metastasis. 
10 ^-~~ r...- rnmnar f — .^*^^«r in,mr,mty by vlieT,, ,=o«siJ!SSS^ 

Examples 2 to 4 demonstrated contrasting differences of Her-2/neu.specific 
antibody titers hut comparable CIT. resiK>nses in mice immunized wt^ ^^^t 
pNeu plasmids. In addition, all groups of mice each mmmmzed wtth pNe^ 
15 pNeuI, pNeu™.^„ or pNeUHco.^ rejected 5 X 10^ s.c. tumor challenge. S nee 
Z nZl of tum« cells that were injected s.c. or i.v. into mrce was too smaU to 
tduTtumor in hmnunized mice, it was very difficult to distingutsh anhtumor 
rirciesbythcdifferenceinimmuneresponseinducedbydiffer^tpK^^^ 
More, the number of tumor cells to be injected was increased by a &c«>r of 100 
,0 Tx 10' for s.c. tumor chaUenge and by a fector of 40 (2 X lO') for t.v. «m» 
challenge relative to that of tumor cells m the first tumor experiment to evatate the 
Lative importance of Her-2/neu.specific antibody and — — 
Her2-CT26. It was impossible to use a ceU nmnber of more than 2 X 10 for i.v. 
Lor challenge because there was 4e danger of blood vessel blockage by e.cess^e 
HorceUsh^lctedLv Chosen for a comparative purpose was a s^of^eu^^ 
pNeuBCD ^ that generated the largest difference m Her-2/neu-specmc antibody titers 
I~ four different Her.2/neu.expressing plasmids. Each mouse recetved 
teee L. injections of 100 .g plasmid DNA according to the same hn— ^ 
^edule m. U B), and 10 days after the ^ ^ 
30 mousewaschaUengeds.c.with5 X lo' or i.v with 2 X ^f^^^^ 

In the subcutaneous model, all eight animals mjected with pTV2 developed 
tumors and the mean mmor volume reached over 2000 - brfore day 19 post 
tumor challenge (Fig. 6, A). Ti. mean mmor volume of etght mice mjected with 
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pNeUBcp was 82.2 at day 23 and tot of eight mice injected with pNeuBCD-.p.wa. 
67.9 Z ^Vhile .he« was significant suppression of tumor growth in nnce mj«.ed 
with pNeuBo, (P = 2.9900e.8. Student's , test) or pNeuBco-^ ' 'rtwo 
Student's / test), the difference in the mean tamor volume between the two 
E^d groi was not statistical significance (P =0.8684. Student's , test). ^ 
fl.e me-astas^ model, lung metastasis was inhibited until day 40 m e>^t of 'he . J 
mice (100%) injected with pNeuBco and in seven of the erght m.ce (88%) n«a=ted 
L Keu2.j:(Fig.6.B). AU mice va<.inated ^th pTVa did not surv.v« 
metastasis. Agah. although the survival was sigmficantly pro ong^ b^^^^^^^ 
with pNeuBCD(P < 0.0001, Mantel-Haenszel test) or pNeuncB-sDs (P - 0.0002. Mantel 
wimpneuECDU' agnifloant difference between 

Haenszel test) compared wifli pTV2. there was no sigiim 
pNeuBcD and pNeuBco.^ (p = 0.3173. Mantel-Haenszel test). 

Ffflcr -T -'r~°" '"-^ v^nrin.fion in . therapeutle model 

Preventive model hmror e^eriments were performed by cMtogmg 
l^unized mice with tumor cells. To compare «ie antimmor efficacies of pNeuBc. 
and pNeuec.^, in a therapeutic model, mice were chaUenged wrth mmor cells firs, 
L ITved i.m. injections of DNA plasmids. 6.week old narve mrce were 
.0 ienged iv. with 1 X lo' or 5 X 10= Her2-CT26 cells, and then were drvrded 
r Sps. Begh»inglhourafterthet„morinjection,eachmouserece.vedto 
^tJl miction oflOO of pNeu.coorpNe„sco.^foUowedby fourmoredady 
i.m injections with the same DNAplasmid. „, 

The results in Figs. 5 and 6 show that when 1 X 10^ nm>or ceUs w«e 
25 injected, all mice treated with pNeueco or pNeueco^ survived '""S ""^^^ 
2 following 40 days (Fig. 7. A). However, five of the eight mrce (63«/.) m,e^ted 
^th PTV2 and all mice (100»/.) mjected wi* only PBS did not survive lung 
metasLs. Although pNeu.co and pNeu«..^ Ttt.Sa'Zlt 
significantly (p=0.0085, Mantel-Haenszel test) as compared with pTV2, there was no 

30 significant difference between pNeuECD and pNeuECD-gDs- 

on the other hand, when the number of tonorceUs was mcreased 5 tunes 5 

X 10') only the mice mjected with pNeuncD exhiW an increased survival rate 
. ,n • •« +1,, - 0 09^7 Mantel-Haenszel test) compared 
which was statistically significantly (p - 0.023/, ivianxci n 
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r^o. injected wilh pTV2 (Fig. 7, B). However, the 
pNeUHo.^ did not show significantty enhanced su^val (P = 
Haenszel test) as compared with the mice injected wtth pTV^ . 
consistently with the preventive model, there was no sigmficant difference .n 
consisienuy wiui r , ^, , = 0 4263 Mantel-Haenszel 

5 antitumor immtmity between pNeUECD and pNeUBCD-gD,(P 0.42bi,Man 

. • . ~f Uor OMmi DNA vaccines were 

In summary, therapeutic efficacies of Her-2/neu uina 

evalnatS 4 chis the number of preinjected tumor cells. Wh^ mice were 
• Ited with a small number of metasmtic tumor ceUs, both PN-Bco 
0 nrolonged the survival period significantly and there was no sigmficant differen e 
.0 prolongeo me » r „„„„„ .„hen a large number of tumor ceUs 

between their antitumor mimumty. However, wnen <i ■ b 

were used, only pNeuscD improved fte survival rate. 

-—" V""" ''■'nnnnnotnd..cedhypNe.. constructs 

15 a«.i prK constructs 

Toenhaneetheolinicalefficaoyofvaccine,Her-2/neuDNAp^dv^r™s 

constructed with pCK vector which has stinger promoter acUvity than pTV2. The 
^r^LoftruncatedHer-^M^genesobtainedfiompKeu^ai^ 
,0 wL each inserted into the Kpnl-X^ site of pC™r.T^™™ 
the extracellular and transmembrane domams and pCK«cD expressmg tne 
domainofHer-2/neuwereprepareA 

To evaluate the immunogemsity of pCKtm ana pi-is«cD. ° 
vaccinated with pCK™, pCKeco. pNeu.=cn and pNeu™ and fte sera and spl^ w^ 
25 o^ed from immunized mice 10 days after the third intramuscular mo^dation with 
TDNAplasmid SR-BR3 cells were incubated witii 400 fold-dduted sera, 
Sis wi^-PrrC conjugated goat ^ti-mouselgO Bs«mation of H»- 
specL antibody response was performed by end-pomt "^-^ 
_L me result in Fig. 8 shows that vaccination of mice with pCK™ and 
30 ^r^ducedHer-Z/neu-speciflcIgGantibodyresponsessimilartovac^^ 
p^^Tonsmicts, wherein uncolored ^d colored histograms represent control ^ 

and diluted serum, respectively ™rfH«^-nra6 
Furihermore. Her-2/neu-specific CTL activity was assayed agamst Her2 Cn6 
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10 or i.v. 



in a standard "Cr-release assay. Vaccination of mice witt. pCK™ and pCKacD 
induce strong CIX responses (Fig. 9). CTL responses induced by vaccmatron of pCIC 
constmcts were sUghtly higher .im when vaccinated withpNeu constructs. 

iTv^m plB ft: Ap *"-"""-- '■^v'tv of pCKtmmIbCKecd 

TO determine the antimmor effect of pCK constructs of Her-2/neu femeie 
BALB/c nuce were vaccinated intranmscularly tee times with 100 /<g PBS, pO^ 
^orpCK™intwo-wee.in,ervais.respectively ^^^^^^ ^^tZ 
or iv with 1 X 10« Her2-CT26 2 weeks after final vaccmation. The tee 
sL of g»wn sohd tumor induced hy s.c. injection of Her^^Cm w. 
n^easured with a caUper. The nnmber of Uve mice was counted everyday and the 
tesultswerepresentedasmepocentageofUvemicepertreatmaitgroup 

Grol of soUd tumors induced hy s.c. injection of Her2-Cr26 was mhrbtted 

completely m the mice vaccinated with pCK« or pCK^ (Fig. 10, A), m .he lung 
completely ,rfac.,.n otolonged the survival period, demonstrating 

metastasis model, pCKtm and pCKsco proiongea m r i^^-^mtv 

st^ng suppression of lung metastasis (Fig 10, B). In summary, P»<«»^ — ^ 
agaii^t H«2-CI26 chaUenge also could be acUeved by vaccmation with pCK™ or 

•^"^To test therapeutic effects of pCK» and pCK«^ mice ^a^m^ 
insularly with 100 ^ FBS, pCK. pCK^™ pCKr. J hr a^ 2 X ^0 H^^ 
Cne iv challenge. The number of Uve mice was counted everyday and the results 
wr^lntedas^epeicentageofUvemouseper^eatmentg^up. P-t"— » 
rjcK^orpCK^coWaseffectiveforthe^tectionag^stthegro^^^^ 
colony and appeared to inhibit death by lung metastasis (Fig. 11^ 
antiulor effects of pNeu constructs were retained m pCK™ and pOCc^ 
"^ore, in the therapeutic mode, to evaluate protective _,y aga,^ 
Sected «mor cells, pCK« ^d pCK.a> Prolonged flie surviW ra. si^tly. 

.4^ VKr^f^riT , was sliehtlY better than that of pCKECD, 
Since therapeutic antitumor activity of pCK^ was sngnuy v ^. ^ „ ^^.y, 

^" ^ J 1 ft., w^r 9/nen DNA vaccine in combination with 

pCKtm was chosen as a model for Her-2/neu UJNA y^* 

cytokine genes. 

o onfifiimnr nrti^i ^«'s induced bv c niwiection of 
Fvample 9: Tmmiine responses and antitumor acnvmcg 
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yr£;M£^ j various n^nMne plasmids 

To use cytokine genes as a molecular adjuvant in the Her-2/neu DNA 
v^inaS^lcJ^neie^t^eapCKvecto^pCK-GM^^^ 
5 IL15 PCK-IL18, pCK-Btal a«d pCK-Flt3L, were prepared as foUows. GM-CSF and 
Flt3L v*ich promote the proliferation and activation of antigen presentmg ceUs, ajx 
to iirove the deUvery emciency into ^fes^.^ -Sen ^resen^g^^ 
lite dentritic cells and to increase immune responses. IL.12. IL-15. 11.18 and Eta 
l^rJltativeTHlskewingcytoldnesandexpectedto induce ceU-m^ 

in «»Qnon<?es important to cancer innrrunity. 

,0 -P-^ J ^ (SEQ ID NO: 11). IL-15 (SEQ ID NO: 2) and 

F1,3L (SEQ ID NO: 13) genes were amplified fi»m mRNA isolated from the spleen of 
bS' L by RT-PCR (SUPERSCRIFr™ H KT, GBCO BEL) wtfl> specie 
:Z (E^Xlm of SEQIDHO: MandBRl o^^Q 
. , «F1 nf SEO ID NO- 16 and 18R1 of SEQ ID NO: 17; TL-15, vnth 15F1 of SEQ ID 
" KO lS^^rof SEQIDNO: 19; and HtSL, wi«. EFl of SEQIDNO: 20 

of SEQ ID NO: 21) according to the manufedurer-s instructions. Cloned cytotae 
rwe^ inserted L pOC to genera. pCK-Etal. PCK-IL18. pCK-E^lS pCK- 
U. PCK-GMCSF and pCK-ILU were constructed by ^^ ^^^^'^ 
20 and Xhol fragments of pTV2-GMCSF (Cho, J. H. et al., Vaocme 17: 1136-1144, 1999) 
^^2.T^2 (Ha. S. J. et al.. No,. BioM 20: 381-386. 2002). mto pCK vector. 

"^"^analyze the effects of cytokine gene adjutants inthe anybody pro*»tion^ 
CIL response, mice were intramuscularly injected with pCK« and each of the pClC- 
,5 ^iZVig. 12a). 3 weeks after the final vaccination, anfibody htrah«. was 
;:;l:it a fiow cytome^ .o determine Her-2A»u.specific antibc*^ 

and ^^Cr-release assay, to measure CTL responses. 



<Table 2> 



Her-2/neu specific IgG titer 
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As sho™ in Table 2. Her-2Ai»-specific antibodies were sufliciently produced 
by vaccination of pCK™ with or witont cyiokines but no significant difference was 
found for the groups coinjectedwith cytokine gene plasnnds (Fig. 12b). 



^able3> 




Me 3 shows a smnmaiy of ttie CTL responses observed m F.g. 12b. As 
shown in Uble 3. ^e percentage of tc^et lysis increased slightly by v-^^ 
10 pCK™ with pCK-Etal or pCK-FltSL but decreased slightly by vacc»at.on of pCK™ 
STcK-JsorpCK-GMCSF. Nonsp^ific lysis using CI76 as target ceU was not 

found in all mice. 

.^^^i ^finn Of pCKtm and cytokine 



TT^atTi plft lOt Antjt iininr activlt 
15 plasmids 

To determine antitumor activity induced by coinjection of pCK™ and a 
cytokine plasmid. preventive and flrerapeutic experiments were I-*""^ 
^B/c ^ce. AS shown to Fig. 13a and Fig. 14a. BALB/c mice were chaUenged 
20 wifliHer2-Cn6cellsafterandbeforevaccinationwifhpCK™andeachofthecytokme 
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of the pCK-cytoldne plasmids. Tl^ mice were chaUenged x.v. or s.c. w:th 1 X 10 
^ISaneek3 after1i.e2-vaccination. Ttoor grow* was mea^ -a. a 
calipertwiceaweekandthevolvanewasealeulatedforeaohmouse 

T,.egrowmofsubcu,ar«ous«m«wasiBhibitedbycovaccmat.onw^^^ 

and a cytoki^ plasmid, especially pCK-GMCSF. pCK-Etal and pCK-IL15 ^^^^ 

1 i,oii«,«,«lMei^-CT26 were inhibited by vaccination With 
Metastases of intravenously challenged HefZ-uizo werc 

dCKtm and pCK-GMCSF (Fig. 13c and 13d). 

™Mi^were.a^-— ^--^^^ 
^ L - r.^^- as .e percent, oni. 

:ieTr — ^»p Co-vaccinati<»withpa.™andpCK^kinepas.r^ 
Zt^CK-Etal in^ved ^ survival rate more than when vacc.^ only w.th 

, ^'™S2:"l"iventivea„tit»n<.activi^ofp^^ 

tajectlonofaparHcularcytoWnepl.midsuchaspCK.GMCSFbothnrtun«>rgro^ 

model and metastasis model. 

T^-^^^pi. 11. rnnslTuction of bicistronic. 
20 cytokine 

TO enhance the antitumor activity of Her.2/neu '^^'A vacci^on. — ed 
were bicistronic plasmids, pCWOMCSF, pCK™-Flt3L, pCKr^^Btal. pCWILU. 
rS'lt pCWILlS and pCWlL23, in which the Her.2/neu protem and 
,5 S^f fl-eilTes had been .^^^^^ Tl>e internal nboson»a 

te*^^)ofencephalomyocarditisvirus(EMCV)betweentheHer-^^^^ 
17 gene enabled the simultaneous expression of Her-2/„eu protem and 

''""";rgei;i bicistronic plasmids co-expressing Her-2/neu and^^ne 

30 prote JgM-CSF, Flt3L, IL-IS, lL-18 and B«>-1 genes were ampUfiedby PCR^g 
rerirplersadescribedinExample9.wHchwerei«ser.eddownstreamofIEBS 

f PMrv^nCWlRES IRES of EMCV having the nucleotide sequence of SEQ 
of BMCV of pCKtm IREb. (Belladomia. M. L., et 

ID NO: 22 was derived &ompCK-IL12. torn, an" 
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al., J. Immunol 168: 5448-5454. 2002). IRES wa. amplified by PGR «CKJL12 
as a template and IRES-Fl of SEQ ID NO: 23 ^d IBES-Rl of SEQ NO: 24 as a 
primer pair, and the amplified product was inserted into the Notl-Xhol site of pCK™ 
to obtain pCKxM-IRES. 

11. A-tl f "'-^ ""■'^♦^"'^ """■""'^ "^""^"'"^ 

9/nPii and cytokine 

To evaluate preventive antitmnor activities of pCWcytokine plasmids. mke 
were vaccinated with each of the seven pCKT,^kine plasmids (pCK«-GMCSF. 
pCK^r-FltSL. pCK™-Etal. pCK^IL12. pCWIL15. pCWILlS and pCK™- 
IL23-) according to the vaccination schedule shovmm Fig. 15b. 

Intramuscular moculation with pCK™-cytokine constructs inhibited more 
aioroughly the growth of tumor implanted subcutaneously than when only pCK was 
k r5c). Especially. pCK^IL18. pCK™.GMCSF, PCWIL12 and 
„CK™-Flt3L exhibited outstandmg effects in the mhibition of tumor growth, to the 
Lor metastasis model. pOCxM-ILlS completely protected mice torn lung 
metastasis (Fig. 15d). Anti-metastatic effects of other bicistromc — w^ 
similar to the case of pCK™. Protection against meta^is of premjected H«-2- 
CI26 was assayed in the treatment model according to the schedule shown m Fig. 
14a Vaccmation with pCK™-GMCSF and pCK™-IL18 prolonged the survival rate 
(Fig 16 A and B). CoUectively. pCK™-GMCSF and pCK™-IL18 appeared to 
miedi; increase tumor suppression effects in the preventive and flierapeutic model. 

While the embodiments of the subject invention have been described and 
iUustrated. it is obvious that various changes and modifications can be made te^ 
wifliout departing from the spirit of the present mvention which should be hmited 
only by the scope of the appended claims. 
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What is claimed is: 

1 An Her-2/neu plasmid construct having anti-cancer activity which is prepared 
by inserting a truncated human Her-2/neu gene lacking the mtxaceUular domain into 
5 plasmid pTV2 or pCK. 

2. The plasmid construct of claim 1, wherein the human Her-2/neu gene has the 
nucleotide sequence of SEQ ID NO: 2. 

10 3. The plasmid construct of claun 2, which is pNenxr. (KCCM-10393) or pCK™ 
(KCCM-10396) 

4. The plasmid construct of claim 1, wherein the truncated human Her-2/neu 
gene further lacks the transmembrane domain. 

5. The plasmid construct of claim 4, wherein the hmnan Her-2/neu gene has Ihe 
nucleotide of SEQ ID NO: 3. 

6. The plasmid construct of clahn 5. which is pNeueco (KCCM-10394) or 
20 pCKecd(KCCM-10395), 

7 The plasmid construct of clahn I, wherein the signal peptide of the human 
Her-2/neu gene is replaced by the signal peptide of herpes simplex type I 
glycoprotein D (gD). 



25 



8. The plasmid construct of claim 7, which is pNeuxM-gOs • 
9. 



The plasmid construct of claim 4. wherem the signal peptide of the human 
Her.2/neu gene is replaced by the signal peptide of herpes shnplex type I 
30 glycoprotein D (gD). 



10. 



The plasmid construct of claim 7, which is pNeuECD-gDs- 
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U. tte Plasnnd construct of claim 1, which forther trandates a cytokine gene 
besides the human Her-2/neu gene. 

12. The plasmid construct of claim U. wherein *e cytokine gene is -leeted from 
5 the group consi^g of granulocyte-macrophage oolony-stimulating fector (GI^CSF), 
H^-like tyrosine kinase 3 Ugand (Flt3L), early T lymphocyte act.vat.on-1 (Bta-1). 
interleukin-12 (IL-12),IH5 andIL-18. 

13 A DNA vaccine for preventing and/or treating cancer, which comprises tiie 
10 plasmid construct of claim 1 as an effective mgredient and a pharmaceutrcaUy 
acceptable carrier. 

14. TTie DNA vaccine of claim 13. which further comprises a cytokine gene 
expressing plasmid. 

15 TheDNAvaccineofclaiml4,whereinlliecytokinegeneisselectedftomthe 
group consisting of GM-CSF, FltSL, Eta-1. lUU. IL-15 andIL-18. 

16 A method for preventing and/or treating cancer, which comprises the step of 
20 administering an effective amomit of the DNA vaccine of elam, 13. 



wo 2004/007734 



VKR2003/001400 



1/18 
Fig. la 
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Fig. 2 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 9 
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Fig. 10 
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Fig. 11 
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Fig. 12b 
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Fig. 13a 
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Fig. 13c 
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Fig. 14a 
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Fig. 14c 
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Fig. 15b 
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Fig. 15d 
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Fig. 16 
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SEQUENCE LISTINGS 



<1 lU-> 


PANGENOMIGS Co.. Ltd 


<120> 


Her-2/neu DNA VACCINE 


<130> 


PCA30540/PAN/PGT 


<150> 


KR2002-41764 


v 13 \^ 


2002-07-16 


<lbU> 


KR9nn3-38012 


<151> 


2003-06-12 


<1DU> 




<170> 


Kopatentln 1.71 


<210> 


1 


<211> 


4530 


<212> 


ONA 


<213> 


human Her-2/neu gene 


<400> 


1 



60 



cccggccccc acccctcgca gcaccccgcg ccccgcgccc tcccagccgg gtccagccgg 120 

agccatgggg ccggagccgc agtgagcacc atggagctgg cggccttgtg ccgctggggg 180 

ctcctcctcg ccctcttgcc ccccggagcc gcgagcaccc aagtgtgcac cggcacagac 240 

atgaagctgc ggctccctgc cagtcccgag acccacctgg acatgctccg ccacctctac 300 

cagggctgcc aggtggtgca gggaaacctg gaactcacct acctgcccac caatgccagc 360 

ctgtccttcc tgcaggatat ccaggaggtg cagggctacg tgctcatcgc tcacaaccaa 420 

gtgaggcagg tcccactgca gaggctgcgg attgtgcgag gcacccagct ctttgaggac 480 

aactatgccc tggccgtgct agacaatgga gacccgctga acaataccac ccctgtcaca 540 

ggggcctccc caggaggcct gcgggagctg cagcttcgaa gcctcacaga gatcttgaaa 600 

ggaggggtct tgatccagcg gaacccccag ctctgctacc aggacacgat tttgtggaag 660 
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gacatcttcc acaagaacaa ccagctggct ctcacactga tagacaccaa ccgctctcgg 720 
gcctgccacc cctgttctcc gatgtgtaag ggctcccgct gctggggaga gagttctgag 780 
gattgtcaga gcctgacgcg cactgtctgt gccggtggct gtgcccgctg caaggggcca 840 
ctgcccactg actgctgcca tgagcagtgt gctgccggct gcacgggccc caagcactct 900 
gactgcctgg cctgcctcca cttcaaccac agtggcatct gtgagctgca ctgcccagcc 960 
ctggtcacct acaacacaga cacgtttgag tccatgccca atcccgaggg ccggtataca 1020 
ttcggcgcca gctgtgtgac tgcctgtccc tacaactacc tttctacgga cgtgggatcc 1080 
tgcaccctcg tctgccccct gcacaaccaa gaggtgacag cagaggatgg aacacagcgg 1140 
tgtgagaagt gcagcaagcc ctgtgcccga gtgtgctatg gtctgggcat ggagcacttg 1200 
cgagaggtga gggcagttac cagtgccaat atccaggagt ttgctggctg caagaagatc 1260 
tttgggagcc tggcatttct gccggagagc tttgatgggg acccagcctc caacactgcc 1320 
ccgctccagc cagagcagct ccaagtgttt gagactctgg aagagatcac aggttaccta 1380 
tacatctcag catggccgga cagcctgcct gacctcagcg tcttccagaa cctgcaagta 1440 
atccggggac gaattctgca caatggcgcc tactcgctga ccctgcaagg gctgggcatc 1500 
agctggctgg ggctgcgctc actgagggaa ctgggcagtg gactggccct catccaccat 1560 
aacacccacc tctgcttcgt gcacacggtg ccctgggacc agctctttcg gaacccgcac 1620 
caagctctgc tccacactgc caaccggcca gaggacgagt gtgtgggcga gggcctggcc 1680 
tgccaccagc tgtgcgcccg agggcactgc tggggtccag ggcccaccca gtgtgtcaac 1740 
tgcagccagt tccttcgggg ccaggagtgc gtggaggaat gccgagtact gcaggggctc 1800 
cccagggagt atgtgaatgc caggcactgt ttgccgtgcc accctgagtg tcagccccag 1860 
aatggctcag tgacctgttt tggaccggag gctgaccagt gtgtggcctg tgcccactat 1920 
aaggaccctc ccttctgcgt ggcccgctgc cccagcggtg tgaaacctga cctctcctac 1980 
atgcccatct ggaagtttcc agatgaggag ggcgcatgcc agccttgccc catcaactgc 2040 
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acccactcct gtgtggacct ggatgacaag ggctgccccg ccgagcagag agccagccct 2100 
ctgacgtcca tcgtctctgc ggtggttggc attctgctgg tcgtggtctt gggggtggtc 2160 
tttgggatcc tcatcaagcg acggcagcag aagatccgga agtacacgat gcggagactg 2220 
ctgcaggaaa cggagctggt ggagccgctg acacctagcg gagcgatgcc caaccaggcg 2280 
cagatgcgga tcctgaaaga gacggagctg aggaaggtga aggtgcttgg atctggcgct 2340 
tttggcacag tctacaaggg catctggatc cctgatgggg agaatgtgaa aattccagtg 2400 
gccatcaaag tgttgaggga aaacacatcc cccaaagcca acaaagaaat cttagacgaa 2460 
gcatacgtga tggctggtgt gggctcccca tatgtctccc gccttctggg catctgcctg 2520 
acatccacgg tgcagctggt gacacagctt atgccctatg gctgcctctt agaccatgtc 2580 
cgggaaaacc gcggacgcct gggctcccag gacctgctga actggtglat gcagattgcc 2640 
aaggggatga gctacctgga ggatgtgcgg ctcgtacaca gggacttggc cgctcggaac 2700 
gtgctggtca agagtcccaa ccatgtcaaa attacagact tcgggctggc tcggctgctg 2760 
gacattgacg agacagagta ccatgcagat gggggcaagg tgcccatcaa gtggatggcg 2820 
ctggagtcca ttctccgccg gcggttcacc caccagagtg atgtgtggag ttatggtgtg 2880 
actgtgtggg agctgatgac ttttggggcc aaaccttacg atgggatccc agcccgggag 2940 
atccctgacc tgctggaaaa gggggagcgg ctgccccagc cccccatctg caccattgat 3000 
gtctacatga tcatggtcaa atgttggatg attgactctg aatgtcggcc aagattccgg 3060 
gagttggtgt ctgaattctc ccgcatggcc agggaccccc agcgctttgt ggtcatccag 3120 
aatgaggact tgggcccagc cagtcccttg gacagcacct tctaccgctc actgctggag 3180 
gacgatgaca tgggggacct ggtggatgct gaggagtatc tggtacccca gcagggcttc 3240 
ttctgtccag accctgcccc gggcgctggg ggcatggtcc accacaggca ccgcagctca 3300 
tctaccagga gtggcggtgg ggacctgaca ctagggctgg agccctctga agaggaggcc 3360 
cccaggtctc cactggcacc ctccgaaggg gctggctccg atgtatttga tggtgacctg 3420 
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ggaatggggg cagccaaggg gctgcaaagc ctccccacac atgaccccag ccctctacag 3480 
cggtacagtg aggaccccac agtacccctg ccctctgaga ctgatggcta cgttgccccc 3540 
ctgacctgca gcGCGcagcc tgaatatgtg aaccagccag atgttcggcc ccagccccct 3600 
tcgccccgag agggccctct gcctgctgcc cgacctgctg gtgccactct ggaaagggcc 3660 
aagactctct occcagggaa gaatggggtc gtcaaagacg tttttgcctt tgggggtgcc 3720 
gtggagaacc ccgagtactt gacaccccag ggaggagctg cccctoagcc ccaccctcct 3780 
cctgccttca gcccagcctt cgacaacctc tattactggg acoaggaccc accagagcgg 3840 
ggggctccac ccagcacctt caaagggaca cctacggcag agaacccaga gtacctgggt 3900 
ctggacgtgc cagtgtgaac cagaaggcca agtccgcaga agccctgatg tgtcctcagg 3960 
gagcagggaa ggcctgactt ctgctggcat caagaggtgg gagggccctc cgaccacttc 4020 
caggggaacc tgccatgcca ggaacctgtc ctaaggaacc ttccttcctg cttgagttcc 4080 
cagatggctg gaaggggtcc agcctcgttg gaagaggaac agcactgggg agtctttgtg 4140 
gattctgagg ccctgcccaa tgagactcta gggtccagtg gatgccacag occagcttgg 4200 
ccotttcott ccagatcctg ggtactgaaa gccttaggga agctggcctg agaggggaag 4260 
cggccctaag ggagtgtcta agaacaaaag cgacccattc agagactgtc cctgaaacct 4320 
agtactgccc cccatgagga aggaacagca atggtgtcag tatccaggct ttgtacagag 4380 
tgcttttctg tttagttttt actttttttg ttttgttttt ttaaagacga aataaagacc 4440 
caggggagaa tgggtgttgt atggggaggc aagtgtgggg ggtccttctc cacacccact 4500 

4530 

ttgtccattt gcaaatatat tttggaaaac 



<210> 2 

<211> 2052 

<212> DNA ,, , 

<213> human Her-2/neu gene without intracellular region 

Xoctgg cggccttgtg ccgctggggg ctcctcctcg ccctcttgcc ccccggagcc 60 
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gcgagcaccc aagtgtgcac cggcacagac atgaagctgc ggctccctgc cagtcocgag 120 
acccacctgg acatgctccg ccacctctac cagggctgco aggtggtgca gggaaacctg 180 
gaactcacct acctgcccac caatgccagc ctgtccttcc tgcaggatat ccaggaggtg 240 
cagggctacg tgctcatcgc tcacaaccaa gtgaggcagg tcccactgca gaggctgcgg 300 
attgtgcgag gcacccagct ctttgaggac aactatgccc tggccgtgct agacaatgga 360 
gacccgctga acaataccac ccctgtcaca ggggcctccc caggaggcct gcgggagctg 420 
cagcttcgaa gcctcacaga gatcttgaaa ggaggggtct tgatccagcg gaacccccag 480 
Gtctgctacc aggacacgat tttgtggaag gacatcttcc acaagaacaa ccagctggct 540 
ctcacactga tagacaccaa ccgctctcgg gcctgcoacc cctgttctcc gatgtgtaag 600 
ggctcccgct gctggggaga gagttctgag gattgtcaga gcctgacgcg cactgtctgt 660 
gccggtggct gtgcccgctg caaggggcca ctgcccactg actgctgcca tgagcagtgt 720 
gctgccggct gcacgggccc caagcactct gactgcctgg octgcctcca cttcaaccac 780 
agtggcatct gtgagctgca ctgcccagcc ctggtcacct acaacacaga cacgtttgag 840 
tccatgccca atcccgaggg ccggtataca ttcggcgcca gctgtgtgac tgcctgtccc 900 
tacaactacc tttctacgga cgtgggatcc tgcaccctcg tctgccccct gcacaaccaa 960 
gaggtgaoag cagaggatgg aacacagcgg tgtgagaagt gcagcaagco ctgtgcccga 1020 
gtgtgctatg gtctgggcat ggagcacttg cgagaggtga gggcagttac cagtgccaat 1080 
atcoaggagt ttgctggctg caagaagatc tttgggagcc tggcatttct gccggagagc 1140 
tttgatgggg acccagcctc caacactgco ccgctccagc cagagcagct ccaagtgttt 1200 
gagactctgg aagagatcac aggttaccta tacatctcag catggccgga cagcctgcct 1260 
gacctcagcg tcttccagaa cctgcaagta atccggggac gaattctgca caatggcgcc 1320 
tactcgctga ccotgoaagg gctgggcatc agctggctgg ggctgcgctc actgagggaa 1380 
ctgggcagtg gactggccct catccaccat aacacccacc tctgcttcgt gcacacggtg 1440 
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ccctgggacc agctctttcg gaacccgcac caagctctgc tccacactgc caaccggcca 1500 
gaggacgagt gtgtgggcga gggcctggcc tgccaccagc tgtgcgcccg agggcactgc 1560 
tggggtccag ggcccaccca gtgtgtcaac tgcagccagt tccttcgggg ccaggagtgc 1620 
gtggaggaat gccgagtact gcaggggctc cccagggagt atgtgaatgc caggcactgt 1680 
ttgccgtgcc accctgagtg tcagccccag aatggctcag tgacctgttt tggaccggag 1740 
gctgaccagt gtgtggcctg tgcccactat aaggaccctc ccttctgcgt ggcccgctgc 1800 
cccagcggtg tgaaacctga cctctcctac atgcccatct ggaagtttcc agatgaggag 1860 
ggcgcatgcc agccttgccc catcaactgc acccactcct gtgtggacct ggatgacaag 1920 
ggctgccccg ccgagcagag agccagccct ctgacgtcca tcgtctotgc ggtggttggc 1980 
attctgctgg togtggtctt gggggtggtc tttgggatcc tcatcaagcg acggcagcag 2040 

2052 

aagatccgga ag 

<210> 3 
<211> 1956 

Zan Her-2/neu gene without intraoel lular region and transmembrane 

domain 

<400> 3 cn 

atggagctgg cggccttgtg ccgctggggg ctcctcctcg ccctcttgcc ccccggagcc 60 

gcgagcaccc aagtgtgcac cggcacagac atgaagctgc ggctccctgc cagtcccgag 120 

acccacctgg acatgctccg ccacctctac cagggctgcc aggtggtgca gggaaacctg ISO 

gaactcacct acctgcccac caatgccagc ctgtccttcc tgcaggatat ccaggaggtg 240 

cagggctacg tgctcatcgc tcacaaccaa gtgaggcagg tcccactgca gaggctgcgg 300 

attgtgcgag gcacccagct ctttgaggac aactatgccc tggccgtgct agacaatgga 360 

gacccgctga acaataccac ccctgtcaca ggggcctccc caggaggcct gcgggagctg 420 
cagcttcgaa gcctcacaga gatcttgaaa ggaggggtct tgatccagcg gaacccccag 480 
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ctctgctacc aggacacgat tttgtggaag gacatcttcc acaagaacaa ccagctggct 540 
ctcacactga tagacaccaa ccgctctcgg gcctgccacc cctgttctcc gatgtgtaag 600 
ggctcccgct gctggggaga gagttctgag gattgtcaga gcctgacgcg cactgtctgt 660 
gccggtggct gtgcccgctg caaggggcca ctgcccactg actgctgcca tgagcagtgt 720 
gctgccggct gcacgggccc caagcactct gactgcctgg cctgcctcca cttcaaccac 780 
agtggcatct gtgagctgca ctgcccagcc ctggtcacct acaacacaga cacgtttgag 840 
tccatgccca atcccgaggg ccggtataca ttcggcgcca gctgtgtgac tgcctgtccc 900 
tacaactacc tttctacgga cgtgggatcc tgcaccctcg tctgccccct gcacaaccaa 960 
gaggtgacag cagaggatgg aacacagcgg tgtgagaagt gcagcaagcc ctgtgcccga 1020 
gtgtgctatg gtctgggcat ggagcacttg cgagaggtga gggcagttac cagtgccaat 1080 
atccaggagt ttgctggctg caagaagatc tttgggagcc tggcatttct gccggagagc 1140 
tttgatgggg acccagcctc caacactgcc ccgctccagc cagagcagct ccaagtgttt 1200 
gagactctgg aagagatcac aggttaccta tacatctcag catggccgga cagcctgcct 1260 
gacctcagcg tcttccagaa cctgcaagta atccggggac gaattctgca caatggcgcc 1320 
tactcgctga ccctgcaagg gctgggcatc agctggctgg ggctgcgctc actgagggaa 1380 
ctgggcagtg gactggccct catccaccat aacacccacc tctgcttcgt gcacacggtg 1440 
ccctgggacc agctctttcg gaacccgcac caagctctgc tccacactgc caaccggcca 1500 
gaggacgagt gtgtgggcga gggcctggcc tgccaccagc tgtgcgcccg agggcactgc 1560 
tggggtccag ggcccaccca gtgtgtcaac tgcagccagt tccttcgggg ccaggagtgc 1620 
gtggaggaat gccgagtact gcaggggctc cccagggagt atgtgaatgc caggcactgt 1680 
ttgccgtgcc accctgagtg tcagccccag aatggctcag tgacctgttt tggaccggag 1740 
gctgaccagt gtgtggcctg tgcccactat aaggaccctc ccttctgcgt ggcccgctgc 1800 
cccagcggtg tgaaacctga cctctcctac atgcccatct ggaagtttcc agatgaggag 1860 
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ggcgcatgcc agccttgccc catcaactgc acccactcct gtgtggacct ggatgacaag 1920 

1956 



ggctgccccg ccgagcagag agccagccct ctgacg 



<210> 


4 


<211> 


27 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


NF6 primer 


<400> 


4 


ggtaccatgg agctggcggc cttgtgc 


<210> 


5 


<211> 


31 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


NSR1 primer 


<400> 


5 


gtctagatga ttcacgtcag agggctggct 


<210> 


6 


<211> 


23 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


NFS primer 


<400> 


6 



gcagtggtac ccaagcttag cac 
<210> 7 



27 



31 



23 





'T/KR2003/001400 



WO 2004/007734 



<211> 27 

<212> ON A 

<213> Artificial Sequence 
<220> 

<223> NRM2 primer 



<400> 7 

ttctagagca gtctccgcat cgtctac 



<210> 


8 


<211> 


28 


<212> 


DMA 


<213> 


Artificial Sequence 


<220> 




<223> 


NSF2 primer 


<400> 


8 



ggcgcgcccc ggcacagaca tgaagctg 



<210> 


9 


<211> 


24 


<212> 


DNA 


<213> 


Artificial 


<220> 




<223> 


NFS primer 



<400> 9 

gccgcagcgg ccgccatgga gctg 



<210> 10 

<211> 1535 

<212> DNA 

<213> mouse Eta-1 gene 



gggggggggg gggggggooo ggggctttcc ttgctcctta tgagaggtgg agaggtagaa 



<400> 



10 



9 
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aaggcacaca aatattgact cactgaaatt ttctctgaga tgtagaaaga ttccataaat 120 
tattggtgac ttggtggtga tctagtggtg ccaagagtgt gtttgaacct gacaagacat 180 
caactgtgcc tcataaaata tgttgcagga ctaactacga ccatgagatt ggcagtgatt 240 
tgcttttgcc tgtttggcat tgcctcctcc ctcccggtga aagtgactga ttctggcagc 300 
tcagaggaga agctttacag cctgcaccca gatcctatag ccacatggcc ggtgcctgac 360 
ccatctcaga agcagaatct ccttgcgcca cagaatgctg tgtcctctga agaaaaggat 420 
gactttaagc aagaaactct tccaagcaat tccaatgaaa gccatgacca catggacgac 480 
gatgatgacg atgatgatga cgatggagac catgcagaga gcgaggattc tgtggactcg 540 
gatgaatctg acgaatctca ccattoggat gagtctgatg agaccgtcac tgctagtaca 600 
caagcagaca ctttcactcc aatcgtccct acagtcgatg tccccaacgg ccgaggtgat 660 
agcttggctt atggactgag gtcaaagtct aggagtttcc aggtttctga tgaacagtat 720 
Gctgatgcca cagatgagga cctcacctct cacatgaaga gcggtgagtc taaggagtcc 780 
ctcgatgtca tccctgttgc ccagcttotg agcatgccct ctgatcagga caacaacgga 840 
aagggcagcc atgagtcaag tcagctggat gaaccaagtc tggaaacaca cagacttgag 900 
cattccaaag agagccagga gagtgccgat cagtcggatg tgatcgatag tcaagcaagt 960 
tccaaagcca gcctggaaca tcagagccac aagtttcaca gccacaagga caagctagtc 1020 
ctagacccta agagtaagga agatgatagg tatctgaaat tccgaatttc tcatgaatta 1080 
gagagttcat cttctgaggt caactaaaga agaggcaaaa acacagttcc ttactttgca 1140 
tttagtaaaa acaagaaaaa gtgttagtga gggttaagca ggaatactaa ctgctcattt 1200 
ctcagttcag tggatatatg tatgtagaga aagagaggta atattttggg ctcttagctt 1260 
agtctgttgt ttcatgcaaa caccgttgta accaaaagct tctgcacttt gcttctgttg 1320 
ttcctgtaca agaaatgcaa cggccactgc attttaatga ttgttattct ttcatgaata 1380 
aaatgtatgt agaaataagt aaatttactg aaacaagcaa gaattaaaag agaaactgta 1440 

10 
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acagtctata tcactatacc cttttagttt tataattagc atatattttg ttgtgattta 1500 

1535 

tttttttttg ttggtgtgaa taaatcttgt taacg 

<210> 11 
<211> 1535 
<212> DNA 

<213> mouse IL-18 gene 

gSSSgggggi^ggQQflQQQQ ggggctttcc ttgctcctta tgagaggtgg agaggtagaa 60 

aaggcacaca aatattgact cactgaaatt ttctctgaga tgtagaaaga ttccataaat 120 

tattggtgac ttggtggtga tctagtggtg ccaagagtgt gtttgaacct gacaagacat 180 

caactgtgcc tcataaaata tgttgcagga ctaactacga ccatgagatt ggcagtgatt 240 

tgcttttgcc tgtttggcat tgcctcctcc ctcccggtga aagtgactga ttctggcagc 300 

tcagaggaga agctttacag cctgcaccca gatcctatag ccacatggcc ggtgcctgac 360 

ccatctcaga agcagaatct ccttgcgcca cagaatgctg tgtcctctga agaaaaggat 420 

gactttaagc aagaaactct tccaagcaat tccaatgaaa gccatgacca catggacgac 480 

gatgatgacg atgatgatga cgatggagac catgcagaga gcgaggattc tgtggactcg 540 

gatgaatctg acgaatctca ccattcggat gagtctgatg agaccgtcac tgctagtaca 600 

caagcagaca ctttcactcc aatcgtccct acagtcgatg tccccaacgg ccgaggtgat 660 

agcttggctt atggactgag gtcaaagtct aggagtttcc aggtttctga tgaacagtat 720 

cctgatgcca cagatgagga cctcacctct cacatgaaga gcggtgagtc taaggagtcc 780 

ctcgatgtca tccctgttgc ccagcttctg agcatgccct ctgatcagga caacaacgga 840 

aagggcagcc atgagtcaag tcagctggat gaaccaagtc tggaaacaca cagacttgag 900 

cattccaaag agagccagga gagtgccgat cagtcggatg tgatcgatag tcaagcaagt 960 
tccaaagcca gcctggaaca tcagagccac aagtttcaca gccacaagga caagctagtc 1020 
ctagacccta agagtaagga agatgatagg tatctgaaat tccgaatttc tcatgaatta 1080 
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gagagttcat cttctgaggt caactaaaga agaggcaaaa acacagttcc ttactttgca 1140 
tttagtaaaa acaagaaaaa gtgttagtga gggttaagca ggaatactaa ctgctcattt 1200 
ctcagttcag tggatatatg tatgtagaga aagagaggta atattttggg ctcttagctt 1260 
agtctgttgt ttcatgcaaa caccgttgta accaaaagct tctgcacttt gcttctgttg 1320 
ttcctgtaca agaaatgcaa cggccactgc attttaatga ttgttattct ttcatgaata 1380 
aaatgtatgt agaaataagt aaatttactg aaacaagcaa gaattaaaag agaaactgta 1440 
acagtctata tcactatacc cttttagttt tataattagc atatattttg ttgtgattta 1500 

1535 

tttttttttg ttggtgtgaa taaatcttgt taacg 

<210> 12 

<211> 1250 

<212> ONA 

<213> mouse lL-15 

' cuc^gtccl^ccactcttc cccagagttc tcttcttcat cctccccctt gcagagtagg 60 

gcagcttgca ggtcctcctg caagtctctc ccaattctct gcgcccaaaa gacttgcagt 120 

gcatctcctt acgcgctgca gggaccttgc cagggcagga ctgcccccgc ccagttgcag 180 

agttggacga agacgggatc ctgctgtgtt tggaaggctg agttccacat ctaacagctc 240 

agagaggtca ggaaagaatc caccttgaca catggccctc tggctcttca aagcactgcc 300 

tcttcatggt ccttgctggt gaggtcctta agaacacaga aacccatgtc agcagataac 360 

cagcctacag gaggccaaga agagttctgg atggatggca gctggaagcc catcgccata 420 

gccagctcat cttcaacatt gaagctctta cctgggcatt aagtaatgaa aattttgaaa 480 

ccatatatga ggaatacatc catctcgtgc tacttgtgtt tccttctaaa cagtcacttt 540 

ttaactgagg ctggcattca tgtcttcatt ttgggctgtg tcagtgtagg tctccctaaa 600 
acagaggcca actggataga tgtaagatat gacctggaga aaattgaaag ccttattcaa 660 
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tctattcata ttgacaccac tttatacact gacagtgact ttcatcccag ttgcaaagtt 720 
actgcaatga actgctttct cctggaattg caggttattt tacatgagta cagtaacatg 780 
actcttaatg aaacagtaag aaacgtgctc taccttgcaa acagcactct gtcttctaac 840 
aagaatgtag cagaatctgg ctgcaaggaa tgtgaggagc tggaggagaa aaccttcaca 900 
gagtttttgc aaagctttat acgcattgtc caaatgttca tcaacacgtc ctgactgcat 960 
gcgagcctct tccgtgtttc tgttattaag gtacctccac ctgctgctca gaggcagcac 1020 
agctccatgc atttgaaatc tgctgggcaa actaagcttc ctaacaagga gataatgagc 1080 
cacttggatc acatgaaatc ttggaaatga agagaggaaa agagctcgtc tcagacttat 1140 
ttttgcttgc ttatttttaa tttattgctt catttgtaca tatttgtaat ataacagaag 1200 
atgtggaata aagttgtatg gatattttat caattgaaat ttaaaaaaaa 1250 

<210> 13 
<21 1> 699 
<212> DNA 

<213> mouse Flt3L gene 

^acagtgrtggcgccagc ctggagccca aattcctccc tgttgctgct gttgctgctg 60 

ctgagtcctt gcctgcgggg gacacctgac tgttacttca gccacagtcc catctcctcc 120 

aacttcaaag tgaagtttag agagttgact gaccacctgc ttaaagatta cccagtcact 180 

gtggccgtca atcttcagga cgagaagcac tgcaaggcct tgtggagcct cttcctagcc 240 

cagcgctgga tagagcaact gaagactgtg gcagggtcta agatgcaaac gcttctggag 300 

gacgtcaaca ccgagataca ttttgtcacc tcatgtacct tccagcccct accagaatgt 360 

ctgcgattcg tccagaccaa catctcccac ctcctgaagg acacctgcac acagctgctt 420 

gctctgaagc cctgtatcgg gaaggcctgc cagaatttct ctcggtgcct ggaggtgcag 480 

tgccagccgg actcctccac cctgctgccc ccaaggagtc ccatagccct agaagccacg 540 

gagctcccag agcctcggcc caggcagctg ttgctcctgc tgctgctgct gctgcctctc 600 

13 



wo 2004/007734 



!t/KR2003/001400 



acactggtgc tgctggcagc cgcctggggc cttcgctggc aaagggcaag aaggaggggg 660 



gagctccacc ctggggtgcc cctcccctcc catccctag 



<210> 


14 


<211> 


21 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


EF1 primer 


<400> 


14 


ctggtaccat gagattggca g 


<210> 


15 


<211> 


22 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


ER1 primer 


<400> 


15 


cctctagatt agttgacctc ag 


<210> 


16 


<211> 


25 


<212> 


DNA 



<213> Artificial Sequence 
<220> 

<223> 18F1 primer 



<400> 16 

tgaattcatg gctgccatgt cagaa 



<210> 17 



699 



21 



22 



25 



14 
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<211> 23 

<212> ON A 

<213> Artificial Sequence 
<220> 

<223> 18R1 primer 



<400> 17 

ttctagacta actttgatgt aag 



<210> 


18 


<211> 


28 


<212> 


ONA 


<213> 


Artificial Sequence 


<220> 




<223> 


15F1 primer 


<400> 


18 



tgaattcatg aaaattttga aaccatat 



<210> 


19 


<211> 


35 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


15R1 primer 



<400> 19 

ttctagacta aaagctttgc aaaaactctg tgaag 



<210> 20 

<21 1> 24 

<212> ONA 

<213> Artificial Sequence 
<220> 

<223> FFi primer 
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<400> 20 

tgaattcatg acagtgctgg cgcc 



<210> 21 

<211> 24 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> FR1 primer 



<400> 21 

ttctagacta ctgcctgggc cgag 



24 



<210> 22 

<211> 600 

<212> DNA 

<213> IRES sequence from pCK-nilL12 



24 



60 



<400> 22 

ggatccgata agcttgatat cgaattccgc cccccccccc cctaacgtta ctggccgaag 

ccgcttggaa taaggccggt gtgcgtttgt ctatatgtta ttttccacca tattgccgtc 120 

ttttggcaat gtgagggccc ggaaacctgg ccctgtcttc ttgacgagca ttcctagggg 180 

tctttcccct ctcgccaaag gaatgcaagg tctgttgaat gtcgtgaagg aagcagttcc 240 

tctggaagct tcttgaagac aaacaacgtc tgtagcgacc ctttgcaggc agcggaaccc 300 

cccacctggo gacaggtgcc tctgcggcca aaagccacgt gtataagata cacctgcaaa 360 

ggcggcacaa ccccagtgcc acgttgtgag ttggatagtt gtggaaagag tcaaatggct 420 

ctcctcaagc gtattcaaca aggggctgaa ggatgcccaa aaggtacccc attgtatggg 480 

atctgatctg gggcctcggg gcaoatgctt tacatgtgtt tagtccaggt taaaaaaacg 540 

tctaggcccc ccgaaccacg gggacgtggt tttcctttga aaaacacgat aataccatgg 600 

<210> 23 

16 
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<211> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> IRES-Fl primer 



<400> 23 

gcggccgcga taagcttgat atcgaattcc g 



<210> 


24 


<211> 


27 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


IRES-R1 primer 


<400> 


24 



ctcgagtatt atcgtgtttt tcaaagg 



17 
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